Papain activity in a buffer containing Me 2 SO was studied using fluorogenic substrates. It was found that the number of active sites of papain decreases with increasing Me 2 SO concentration whereas the incubation time, in a buffer containing 3% Me 2 SO does not affect the number of active sites. However, an increase of papain incubation time in the buffer with 3% Me 2 SO decreased the initial rate of hydrolysis of Z-Phe-Arg-Amc as well as Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans. Moreover, an increase of Me 2 SO concentration in working buffer decreased the initial rate of papain-catalysed hydrolysis of both substrates. A rapid decrease of the initial rate (by up to 30%) was observed between 1 and 2% Me 2 SO. Application of the Michaelis-Menten equation revealed that at the higher Me 2 SO concentrations the apparent values of k cat /K m decreased as a result of K m increase and k cat decrease. However, Me 2 SO changed the substrate binding process more effectively (K m ) than the rate of catalysis k cat .
acid sequences of "good" synthetic substrates are dominated by hydrophobic residues. The hydrophobicity of the substrates is additionally increased by their chromophoric and fluorophoric groups. As a consequence, the synthetic peptide substrates of proteases are poorly soluble in water and their application in enzymatic tests requires buffers containing an addition of an organic solvent. Unfortunately, the organic solvent may change the enzyme conformation as a result of water replacement or by disrupting hydrophobic internal interactions. Organic solvents may also disturb substrate desolvation necessary for its penetration into the enzyme catalytic pocket, and block the enzyme active center or destabilize enzyme-substrate transition state as well as reduce the conformational mobility of the enzyme [2] . Therefore, the general opinion that 5-10% of an organic solvent in the assay does not inhibit the enzyme activity needs to be checked in each case [3] .
The most commonly used organic solvent in enzymatic assays is Me 2 SO, less often DMF, methanol, ethanol or acetonitrile. In standard measurements of the papain family enzymes activity Me 2 SO concentration is 1-2% and it is assumed not to influence the kinetics [4] . However, Me 2 SO, like many other organic solvents, dissolves proteins [5] , changes their conformation [5, 6] and often modifies enzyme activity in water/Me 2 SO mixtures of both low and high Me 2 SO concentration [5, [7] [8] [9] [10] .
The measurements are often performed with the dipeptide Z-Phe-Arg-Amc as a substrate, which is specific for all papain-like cysteine proteases. Determination of the activity of particular enzymes present in (samples from) cell homogenates or physiological fluids requires the use of complex indirect methods, for instance with the use of specific inhibitors [11, 12] . A different, simpler way would be to employ substrates specific for the chosen enzyme. However, they have to possess longer amino-acid sequences to be selectively recognized and, what usually goes with it, a more hydrophobic character. Enzyme reactions with such substrates would require buffers containing more than 2% of an organic solvent. Our research on synthetic peptide substrates for chosen lysosomal cysteine proteases [13] prompted us closer to examine the influence of Me 2 SO on the enzyme kinetics. The experiments were performed for papain, a model enzyme of the papain-like family of cysteine proteases. We used both a short, standard Z-Phe-Arg-Amc substrate and a longer one, proposed by Garcia-Echeverria & Rich [14] , displaying high specificity for papain. Papain activity was measured as an increase of fluorescence intensity of liberated amino-coumarin when Z-Phe-Arg-Amc was used as the substrate. In the other fluorogenic substrate used quenching of Edans fluorescence by distance-dependent resonance energy transfer to the Dabcyl quencher is eliminated upon cleavage of the intervening peptide linker between glycine residues (see Fig.  1 for details).
MATERIALS AND METHODS
Materials. E-64 and papain (EC 3.4.22.3) were purchased from Sigma. The commercial enzyme was purified as described previously [15] . Z-Phe-Arg-Amc, Amc, Boc-and Fmocamino acids were purchased from Bachem Peptide synthesis. The substrate DabcylLys-Phe-Gly-Gly-Ala-Ala-Edans was synthesized and characterised using the procedure described by Garcia-Echeverria & Rich [14] .
The fluorescent peptide Trp-Val-Ala-Edans was obtained by means of classical solution methods, according to the following outline: Boc-Trp-Val-Ala + Edans ® Boc-Trp-Val-AlaEdans ® Trp-Val-Ala-Edans. Boc-Trp-Val-Ala was synthesized using the DCC/HOBt method [16] beginning with the coupling of Boc-Val and Ala-OBzl. The product obtained was joined, after removing the Boc group, with Boc-Trp. The C-terminal benzyl group was removed by hydrogenolysis. The coupling of Boc-Trp-Val-Ala with Edans was accomplished using the BOP/HOBt method [17] . All Boc protecting groups were removed with a TFA/ phenol/triispropylsilane/H2O (88 : 5 : 2 : 5) mixture. The crude product was purified by means of HPLC on a Kromasil 7-mm C 8 column (25´250 mm) using two step gradient elution (10 min 0-10% and 120 min 10-30% aqueous CH 3 CN containing 0.1% TFA) at a 5 ml/min flow rate and 223 nm detection wavelength. The final product was evaluated by analytical HPLC on a Kromasil 5-mm C 8 column (4.6´250 mm), 20 min linear gradient (15-30% CH 3 CN with 0.1% TFA), 1 ml/min flow rate, l = 223 nm; t R = 12.3 min and identified by FAB MS; m/z 624 (M+H) + .
Fluorescence measurements. Fluorescence was monitored on a Perkin-Elmer LS 50B spectrofluorimeter using the time drive option of the Fl WinLab software provided by the manufacturer. The measurements for Amc and Z-Phe-Arg-Amc were done using 380 nm as the excitation wavelength and 460 nm as the observation wavelength. In the case of Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans and Trp-Val-Ala-Edans the excitation and observation wavelengths were 336 nm and 490 nm, respectively.
Enzymatic assays. All kinetic experiments were performed according to the method described by Barrett et al. [18] , partly modified by us. The activating buffer was 0.4 M sodium potassium phosphate, pH 6.8, containing 8 mM dithiothreitol and 4 mM EDTA. During the measurements the cuvette contained 750 ml of the activating buffer, 50 ml of papain (1.68´10 -7 M solution in 0.1% Brij 35), substrate, Me 2 SO (total concentration of Me 2 SO in the cuvette was from 0.95 to 10% depending on the experiment) and was filled to 3000 ml of total volume with 0.1% Brij 35. Because of the lower sensitivity of our spectrofluorimeter than used by Barrett et al. [18] , it was necessary to use a higher concentration of the substrates poorly soluble in water. The stock solution of the substrate prepared before the experiments was 870 mM Dabcyl-Lys-Phe-GlyGly-Ala-Ala-Edans in Me 2 SO or 100 mM Z-Phe-Arg-Amc in Me 2 SO/H 2 O (1 : 2, v/v) mixture. Thus, the lowest final concentration of Me 2 SO in the reaction mixture was 0.95%.
For the determination of the Michaelis-Menten kinetic parameters, the enzyme was preincubated for 10 min at 40 o C in cuvettes containing the activating buffer and 0.1% Brij 35 and then an adequate amounts of Me 2 SO and Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans were added. The reaction was monitored for 10 min.
To study the influence of Me 2 SO concentration on the activity of papain we carried out a series of kinetic measurements for different Me 2 SO concentrations and constant substrate and papain concentrations using DabcylLys-Phe-Gly-Gly-Ala-Ala-Edans or Z-Phe-ArgAmc as the substrate.
To estimate the influence of incubation time with Me 2 SO on papain activity, Me 2 SO was added to the activating buffer at the same time as the enzyme and the duration of the initial incubation was increased to 30 min. In this experiment Z-Phe-Arg-Amc was used as substrate.
Influence of Me 2 SO on Amc and Edans fluorescence intensity. A series of solutions containing a constant concentration of Amc or Trp-Val-Ala-Edans, 750 ml of activating Vol. 48 Influence of Me 2 SO on papain activity 997 buffer and different amounts of Me 2 SO was prepared. These solutions were filled up with 0.1% Brij 35 to of 3000 ml and later fluorescence spectra were measured. The fluorescence intensity of Trp-Val-Ala-Edans and Amc at the chosen wavelength as a function of Me 2 SO concentration was estimated. Active sites titration. The molar concentration of papain active sites was assessed by titration with E-64. A series of tubes containing 750 ml of the activating buffer, 50 ml of the enzyme solution, and a suitable amount (from 0 to 400 ml) of 0.1 mM E-64 solution in H 2 O containing 0.1% (v/v) Me 2 SO were filled with 0.1% Brij 35 to 2900 ml. After 60 min of incubation at 40 o C, 100 ml of 100 mM Z-PheArg-Amc solution in a water/Me 2 SO mixture (1 : 2.5, v/v) was added to each tube. Thus, the total concentration of Me 2 SO reached 0.95%. After 10 min the reaction was stopped with 1500 ml of 100 mM sodium monochloroacetate solution in 100 mM sodium acetate (pH 4.3) and the fluorescence of the liberated Amc was measured. To examine the influence of Me 2 SO concentration on the number of papain active sites the titration with E-64 was also carried out at 4.95% and 9.95% Me 2 SO, according to the procedure mentioned above, but after 60 min incubation of the enzyme with E-64 incubation 100 ml of 100 mM Z-Phe-Arg-Amc and an appropriate amount of Me 2 SO were added. The total volume of the reaction mixture was kept constant at 3000 ml by lowering the volume of 0.1% Brij 35 used.
To estimate the influence of the incubation time with Me 2 SO on papain active sites number, 50 ml of the enzyme solution was initially incubated at 40 o C for 30 min in a series of tubes containing 750 ml of the activating buffer, 60 ml of Me 2 SO (3%) and an appropriate amount of 0.1% Brij 35. Then a suitable amount of 0.1 mM E-64 solution was added to each tube and the incubation was continued for 30 min and further procedure was performed as described above. The total incubation time of papain in this case was one hour. In another experiment the organic solvent (3% of Me 2 SO) was added to the reaction mixture after 60 min of incubation of papain with E-64.
RESULTS AND DISCUSSION
The addition of Me 2 SO to the buffer solution containing Amc or Trp-Val-Ala-Edans, in both cases caused a blue-shift of their fluorescence spectra and simultaneously an increase of the fluorescence intensity of fluorophores (not shown). The observed increase of the fluorescence intensity for Edans as well as for the Amc with increasing Me 2 SO concentration was non-linear. Such behaviour is frequently observed for fluorophores whose fluorescence derives from the charge-transfer excited state [19] . Thus, the calibration curve used for enzyme activity calculation based on the fluorescence intensity changes has to be obtained in the presence of an appropriate Me 2 SO concentration. Such calibration curves were used for papain activity calculations presented in our report.
The finding that E-64 reacts rapidly and stoichiometrically with the cysteine residue essential for the catalytic activity of the papain family enzymes leads to the common usage of this covalent-type inhibitor for the active site titration of these enzymes [18] . The stock solution of E-64 for kinetic measurements is usually 1.0 nM in 1% Me 2 SO in water. This means that during the standard procedure of titration, at the time of incubation of the enzyme with the inhibitor the concentration of Me 2 SO is far below 1%, i.e. much lower than the concentration used during the measurements of kinetics of hydrolysis synthetic peptide substrates. To establish whether the Me 2 SO concentration used during these measurements influences the number of papain active sites we titrated the enzyme according to the standard procedure in buffers containing 0.95%, 4.95% and 9.95% Me 2 SO using 60 min incubation of papain with E-64.
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The results presented in Fig. 2 indicate that papain activity, expressed as the fluorescence intensity of liberated Amc, decreases linearly with increasing E-64 concentration for all Me 2 SO concentrations studied but does not reach zero. Below 20% activity (depending on Me 2 SO concentration) the curves deviate markedly from linearity, tending to become asymptotic with the abscissa. Such behaviour was observed by Barrett et al. [18] for cathepsin H. Despite this, we found that the inactivation fitted a linear relationship down to at least 50% of inactivation, and a straight line could be drawn through the upper points and extrapolated to the base line. Such procedure for determination of the number active sites was applied by Barrett et al. [18] for cathepsin H. When calculated based on the results presented in Fig. 2 [18] should give information about such equilibrium. Basing on the crystal structure of papain complexes with E-64 and with its analogue E-64c a great importance of the hydrophobic interactions of P 2 with S 2 and P 3 with S 3 was established for the inhibitory activity of these compounds [20, 21] . The binding process can be disrupted by the competitive hydrophobic Me 2 SO interactions with both the inhibitor and the enzyme catalytic pocket. Our results suggest that such interactions could be responsible for the change of the effective concentration of the active form of papain in the presence of Me 2 SO.
Another parameter that can influence the proteolytic activity of enzymes is the time of their incubation in buffers containing an organic solvent. It should be taken into account in at least two cases. The first is the measurement of the activity of cysteine proteases after different time of incubation with synthetic inhibitors poorly soluble in water (time-dependent inhibition) [22, 23] . The second is the measurement of the activity of enzymes found in tissue homogenates. In some cases the test for cathepsins activity includes incubation of homogenates with the substrate Z-Phe-ArgAmc in buffers containing up to 23% Me 2 SO from 10 to 60 min [11] . Then the enzyme reaction is stopped and after adequate dilution the fluorescence of the released coumarin is measured.
In order to examine whether the duration of papain incubation in solutions containing Me 2 SO influences the rate of Z-Phe-Arg-Amc hydrolysis we followed the kinetics of this reaction in a buffer containing 3% Me 2 SO. Me 2 SO was added after 0, 10, 20 and 30 min of papain incubation in buffer only. The subVol. 48 Influence of Me 2 SO on papain activity 999 In the present work we also examined the influence of Me 2 SO concentration on the initial rate of papain-catalysed hydrolysis of the standard cysteine protease substrate Z-Phe-ArgAmc and the papain specific substrate Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans. Figure 4 presents the results of experiments for Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans. The curve displays a rapid decrease of the initial rate between 1 and 2% Me 2 SO. Papain loses about 30% of activity in the buffer containing 2% Me 2 SO. For higher Me 2 SO concentrations the initial rate of the reaction decreases more slowly. Similar results of papain activity changes were obtained using Z-Phe-Arg-Amc as substrate (not shown). These observations are important because in many papers it is assumed that Me 2 SO concentration up to 2% does not change the enzyme activity [4] . This suggests that for a particular content Me 2 SO, the concentration of papain in the active conformation may not necessarily be equal to the concentration of papain active sites found by E-64 titration.
A simple model of one-substrate enzymatic reaction is described by the Michaelis-Menten equation. This approach was used to compare the kinetics of papain-catalysed hydrolysis of Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans in buffers containing 1% and 5% Me 2 SO. The dependence of the initial rate on substrate concentration is presented in Fig. 5 is a serious disturbance of hydrophobic (but not electrostatic) interactions in the binding of Dabcyl-Lys-Phe-Gly-Gly-Ala-Ala-Edans with papain caused by Me 2 SO. At low concentrations Me 2 SO does not substantially affect the dielectric constant of water. The hydrophobicity of Me 2 SO is also responsible for the k cat decrease since hydrophobic intramolecular interactions are an essential source of protein stability [24, 25] . The decrease of k cat with Me 2 SO concentration increase reflects the weakening of these interactions. The active conformation of papain becomes less stable and some conformational changes may occur.
The results presented in this paper indicate that Me 2 SO seriously affects papain activity, especially in the low concentrations range (up to about 2%). The time of incubation in buffers with Me 2 SO also influences papain activity. Therefore the results of any kinetic study using this enzyme will depend very much on the assay method. This should be taken into account especially when the data from different works are being compared.
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